Abstract-In this paper, we consider an elliptic equation with strongly varying coefficients. Interest in the study of these equations is connected with the fact that this type of equation is obtained when using the fictitious domain method. In this paper, we propose a special method for the numerical solution of elliptic equations with strongly varying coefficients. A theorem is proved for the rate of convergence of the iterative process developed. A computational algorithm and numerical calculations are developed to illustrate the effectiveness of the proposed method.
I. INTRODUCTION
HE fictitious domain method is efficient for the numerical solution of elliptic equations in irregular shape domains. In paper [1] an efficient (with respect to the number of operations) alternately-triangular scheme of second order accuracy for the numerical solution of an elliptic equation is proposed. In [2] , a modified alternate-triangular iterative method with Chebyshev parameters for the solution of the Dirichlet problem for elliptic equations of second order accuracy is built. In V.I. Lebedev's monograph [3] , the application of the method of composition for finding solutions for eigenvalue problems, time-dependent problems, the Dirichlet problem for the biharmonic equation, and grid problems is considered. In [4] , the difference stationary problem for the Poisson equation with piecewise constant coefficients in subdomains is considered. Poisson equation at the interface can be approximated in a special way, i.e. difference equation coefficients are chosen as a quotient, in the denominator of which is the sum of the coefficients in subdomains. A two-step iterative process based on the method of dividing the area is built.
Papers of Bugrov A.N., Konovalov A.N., Smagulov Sh.S., Orunkhanov M.K., Kuttykozhayeva Sh.N. [5] [6] [7] [8] [9] are devoted to the fictitious domain method for the equations of mathematical physics. In these references, they study different modifications of the fictitious domain method with continuation upon loworder coefficients for the Poisson equation. Estimates of the method's convergence rate depending on a small parameter were obtained.
In this paper, we propose a special method for the numerical solution of elliptic equations with strongly varying coefficients. 
is the interior subdomain. In Ω , consider the elliptic equation
with the boundary conditions
where
 is assumed to belong to the Hilbert space of real functions ) ( 2 Ω L , and in subdomains, it is defined as follows:
We make the replacement of variables in (1) in the form 1 2 k v u = , and after simple transformations, we obtain
where , we consider the iterative method:
), (
where B is an operator of the iterative method, β is an iterative parameter, the index h is the difference analog of the differential operator. The operator B in the iterative method (5) is chosen as follows:
Assume that ) ( .
In this case, B in 
the constants 1 χ and 2 χ can be chosen independent on . 1 ≥ θ Substituting the operator B , defined as (6), to (5), we obtain
We present an algorithm of the numerical implementation of the method (9), (10). One step of the iterative method (9) 
IV. THE STUDY OF CONVERGENCE
Let us prove some auxiliary estimates that will be needed in the study of the iterative method. Let ( ) 
be a generalized solution of the problem 
where 3 C does not depend on ϕ .
B. Proof
We introduce the norm
According to the embedding theorem, the right side of (17) is a bounded linear functional in 
, 
and ω is a piecewise constant, then 0 r is a piecewise gradient function. We take the inner product of both sides of the equation (20) 
Since g is arbitrary, the last relation implies
It is clear that the relation holds in every .
. Thus, the element G ∈ ψ , orthogonal to all elements of 1 G , is represented in the form (21), where i q is a harmonic function in i Q . Let us find conditions which must be satisfied by ψ being orthogonal to 1 G on Γ 
We estimate the scalar product ( ω / , r r ). For any δ , 1 0 < < δ the following inequality holds:
, according to Lemma 1, we have the estimate: In this case, the iterative process (9), (10) converges at a geometric rate, and speed of convergence does not depend on ω .
D. Remark
It is obvious that Theorem 1 holds when 
The area Ω covers the subdomain 2 Q , { }.
The right side is defined in 2 Q as follows: The problem for the elliptic equation with strongly varying coefficients was solved using the fictitious domain method, following the higher coefficients. Figures 1-2 show the results of the exact and the approximate solutions at grid nodes 101x101, respectively.
In the calculations, the uniform mesh sizes of 101x101, 501x501, and 1001x1001 were used. To carry out numerical experiments on a fine grid, a numerical experiment was conducted on a supercomputer URSA based on 128 quad-core processors Intel Xeon series E5335 2.00GHz at Al-Farabi Kazakh National University. The developed method is based on building a computational algorithm for the elliptic equation with strongly varying coefficients. The developed algorithm uniformly converges for a certain amount of iterations, and the results were obtained with an accuracy of 10 
10
− . The results of numerical experiments were visualized in the modeling package named Surfer.
